2+ hosts additional Cl anions and HgCl 2 molecules in Hg 2 (NCN)Cl 2 but only Cl anions in Hg 3 (NCN) 2 Cl 2 , by that reaching a high packing efficiency in both cases. While Hg 2 (NCN)Cl 2 exclusively contains carbodiimide N=C=N 2 species, Hg 3 (NCN) 2 Cl 2 is the first structural example of an inorganic network built up from both carbodiimide N=C=N 2 and cyanamide N-C N 2 groups.
Introduction
Over the last decade, synthetic and crystallographic as well as theoretical studies on solid-state cyanamide chemistry have progressed enormously. Besides the relatively simple crystal chemistry of the cyanamides involving alkaline or alkaline-earth metal cations [1 -3] , which is easily understood in terms of electrostatic interactions, effects of covalent bonding in the main-group and transition-metal representatives allow for greater structural varieties. For example, we mention chain structures formed in Ag 2 NCN [4] , in mercury carbodiimide HgNCN(I) [5] and in mercury cyanamide HgNCN(II) [6] ; in addition, there are three-dimensional bonding arrangements in In 2:24 (NCN) 3 [7] , ZnNCN [8] and in Si(NCN) 2 [9] , which bear striking resemblance with interpenetrating networks such as of thecristobalite (SiO 2 ) type.
When it comes to the aufbau of crystalline porous materials, various organic or inorganic spacer ligands coordinating to metal cations have been explored; here, N-containing spacers such as pyridine and cyano ligands were typically and successfully used [10] . On the other side, the probably smallest N, N'-type ligand -the NCN 2 anion, either in carbodiimide N=C=N 2 or in cyanamide N-C N 2 form -had not been expected to form pore or chan-0932-0776/02/1000-1108 $ 06.00 c 2002 Verlag der Zeitschrift für Naturforschung, Tübingen www.znaturforsch.com K nel structures. It is also clear that the metal cation plays a decisive role for the total structure since its preferences for coordination number, coordination geometry and chemically matching ligands must be taken into account. For Hg(II), twofold linear coordination is observed throughout [11] but there are also some examples of 4-and 6-coordinated Hg(II) centers with longer interatomic distances [12] . To the best of our knowledge, no metal-cyanamide polymeric networks have been reported so far.
In an attempt to grow high-quality HgNCN single crystals by slow diffusion, we unexpectedly found two such inorganic polymers involving Hg 2+ and NCN 2 in crystalline form. Here, we describe both synthesis and crystal structures of Hg 2 (NCN)Cl 2 and Hg 3 (NCN) 2 Cl 2 and further discuss the coordination situation as well as the two-dimensional frameworks observed in the two compounds. The seemingly rather flexible coordination of the NCN 2 anion and Hg 2+ cation allows for differing capacities to host guest species within the framework.
Experimental Section

Synthesis
Two 0.1 molar aqueous solutions of HgCl 2 and H 2 NCN were filled into a "U-form" glass the left and right parts (1) 4e 0.4907 (7) 0.7527(6) 0.2527 (7) 306 (11) Cl (2) 4e 0.8009(6) 0.0217(6) 0.0761 (7) 319 ( of X-ray intensities was collected for each compound with a Bruker SMART-CCD diffractometer using graphite-monochromatized Mo-K radiation at T = 20(1) C and the aid of the SMART and SAINT software packages [13] .
In both cases, a total sphere of data was collected to allow for absorption corrections by means of faceindexing (Hg 2 (NCN)Cl 2 ) and the empirical SADABS method (Hg 3 (NCN) 2 Cl 2 ). The crystal structures were then solved by Direct Methods and refined by alternating cycles of (difference) Fourier syntheses and fullmatrix least-squares refinements with SHELXS-97 and SHELXL-97 [14] .
Results
The crystal structure of Hg 2 (NCN)Cl 2
All relevant crystallographic data of the final refinement of Hg 2 (NCN)Cl 2 are summarized in Table 1 whereas Tables 2 and 3 offer the positional and isotropic as well as anisotropic displacement parameters; important bond distances and angles are given in Table 4 .
The coordination motifs in Hg 2 (NCN)Cl 2 are offered in Fig. 1 by means of labeled displacement ellipsoids. The Hg(1) atom is bonded to two nitrogen atoms from crystallographically identical NCN (1) Table 4 . Selected interatomic distances (pm) and bond angles ( ) for Hg 2 (NCN)Cl 2 .
177 (2) Cl (2) Remarkably, it is the Hg(2) atom which links the above-mentioned zigzag chains made from Hg(1) and NCN 2 units (Fig. 1) . Also, the four Hg-N distances are almost identical (207 pm) and agree very well with those found in related materials (205 -211 pm) [11, 15] .
Hg (3) is not involved in the Hg-NCN bonding but linearly coordinated by two Cl at a distance of Hg(3)-Cl(2) = 233.8(5) pm and an angle of Cl(2)- (2) show it to be a carbodiimide species, similar to the one found in HgNCN(I) [5] . We note, however, that N(2) is one-coordinate but N(1) is two-coordinate to Hg (see also Discussion).
The total structural motif of Hg 2 (NCN)Cl 2 is shown in Fig. 2 . Mercury atoms and carbodiimide units form an unprecedented two-dimensional network from Hg(1)-NCN-Hg(1) chains cross-linked by Hg(2) atoms. As a result, there are 20-membered rings stacked on top of each other along the a axis. The channels thus formed are filled with HgCl 2 molecules and Cl anions.
The crystal structure of Hg 3 (NCN) 2 Cl 2
Upon refinement in the acentric space group Pca2 1 , it was realized that the individual crystal (just like all others) was an inversion twin. The corresponding twin refinement converged to a batch scale factor of 0.47(2), i. e., approximately equal contributions of the two twin compounds. By doing so, R 1 reduced from 0.0433 to 0.0380 by slightly changing the spatial parameters of the light atoms only. Due to the very strong absorption, a refinement including anisotropic displacement parameters for Hg and Cl and isotropic ones for N and C turned out to be the most reasonable.
The crystallographic data of Hg 3 (NCN) 2 Cl 2 are summarized in Table 5 , and Tables 6 and 7 offer po- Table 6 . Positional parameters (all atoms on 4a) and isotropic displacement parameters (U eq in pm 2 , a third of the trace of the orthogonalized U ij tensor) for Hg 3 (NCN) 2 Cl 2 (standard deviations in parentheses). sitional and isotropic as well as anisotropic displacement parameters (Hg, Cl). Important interatomic distances are listed in Table 8 . Fig. 3 shows the individual atomic coordinations in Hg 3 (NCN) 2 Cl 2 using displacement ellipsoids. Hg(1) is bonded to N(1) at 213.0(14) pm and to N(2) at 211.4(15) pm; the widened Hg-N bond lengths find their expression in the significantly kinked bond angle N(1)-Hg-N(2) of 151.1 (6) . Just like in Hg 2 (NCN)Cl 2 , there are infinite zigzag chains built from Hg (1) Hg ( (1) 289.2(5)
175 ( (4) as a carbodiimide species is justified. We mention that this is the first occurrence of both cyanamide (known from the structures of PbNCN [17] and HgNCN(II) [6] ) and carbodiimide units (known from HgNCN(I) [5] ) in the same crystal structure of an inorganic network. Fig. 4 presents the whole crystal structure. Mercury atoms and NCN 2 units form also 20-membered rings, but the cavities are much smaller than those in Hg 2 (NCN)Cl 2 since only chloride ions need to be hosted in the channels.
Discussion
The structural chemistry of systems with NCN 2 and Hg 2+ units has been characterized so far by two binding modes, schematically given in Scheme 1: mode (a) is found in mercury carbodiimide, HgNCN(I), mode (b) in mercury cyanamide, HgNCN(II). To generate the novel structural networks observed in Hg 2 (NCN)Cl 2 and Hg 3 (NCN) 2 Cl 2 , the new binding mode (c) is necessary. The binding mode (d) has, so far, never been observed experimentally, but quantum-chemical calculations from first principles suggest this coordinative scenario as one possible (and energetically high-lying) transition structure when going from (a) to (b) [6] .
The C-N and -N-Hg-N-bond distances and angles are relatively constant for both compounds, the cavities (and channels) thus formed seem to be remarkably flexible; flexible enough, at least, to adapt to either Cl , HgCl 2 , or a combination of the two. It remains to be seen whether the backbone can host other species such as Br , HgBr 2 etc. as well.
The generation of the backbone itself is schematically depicted in Scheme 2.
As stated before, the new binding mode (c) is needed to set up the 20-membered rings composed of NCN 2 and Hg 2+ . While the sketch alludes to the notion of an open material, an inspection of the packing efficiency yields an astonishing result. Based on the tabulated [18] It is not known, up to now, whether compounds of the above kind may serve useful in the synthesis of functional materials exhibiting cavities of diverse shapes and sizes. The rational design of such coordination networks continues to be a challenging goal for crystal engineers [10, 19] . Samples of Hg 2 (NCN)Cl 2 might nonetheless be subjected to the attempt of exchanging the hosted HgCl 2 molecular species (48 cm 3 /mol) against (substituted) hydrocarbons of similar size. In any case, the existence of Hg 2 (NCN)Cl 2 and Hg 3 (NCN) 2 Cl 2 shows that it is possible to generate new channels and cavities using NCN 2 .
